Purpose The aims of this study were to compare the application of three geriatric medication screening tools to the Beers Criteria alone for potentially inappropriate medication quantification and to determine feasibility of a pharmacist-led polypharmacy assessment in a geriatric oncology clinic. Methods Adult patients with cancer aged 65 and older underwent a comprehensive geriatric assessment. A polypharmacy assessment was completed by a pharmacist and included a review of all drug therapies. Potentially inappropriate medications were screened using the Beers Criteria, Screening Tool to Alert doctors to Right Treatment/Screening Tool of Older Persons' Prescriptions, and the Medication Appropriateness Index. Deprescribing occurred after discussion with the pharmacist, geriatric oncologist, patient, and caregiver. Results Data were collected for 26 patients. The mean number of medications was 12. The Beers Criteria alone identified 38 potentially inappropriate medications compared to 119 potentially inappropriate medications with the three-tool assessment; a mean of 5 potentially inappropriate medications were identified per patient. After the application of the three-tool assessment, 73% of potentially inappropriate medications identified were deprescribed, resulting in a mean of 3 medications deprescribed per patient. Approximately two thirds of patients reported a reduction in symptoms after the deprescribing intervention. Healthcare expenditures of $4282.27 per patient were potentially avoided as a result of deprescribing. Conclusions Our three-tool assessment identified three times more potentially inappropriate medications than the Beers Criteria alone. Pharmacist-led deprescribing interventions are feasible and may lead to improved patient outcomes and cost savings. This three-tool assessment process should be incorporated into interdisciplinary assessments of older patients with cancer and validated in future studies.
Introduction
Medication overuse in the general geriatric population is a growing problem. Recent data suggest that the prevalence of older adults using five or more medications is approximately 36%, up from 30% 5 years ago [1] . Older patients often have multiple comorbidities and are more susceptible to adverse effects of medications [2] . Prescribing cascades occur when medications are initiated to treat adverse effects of other existing medications, and as a result, older patients tend to accrue pill burden over time. This issue is of particular concern for older patients with cancer; this population has complex care issues related to toxicities of anti-cancer agents, comorbidities, frailty, and altered pharmacokinetics and pharmacodynamics [3] .
Relevance statement Polypharmacy is a significant issue for older patients, including those with cancer. Due to the complexity of this issue and the potential negative impacts of polypharmacy in older adults, polypharmacy should be seen as a disease. Deprescribing has been touted as one way to reduce polypharmacy and improve patient outcomes. Older adults with cancer may benefit significantly from a reduction in polypharmacy, and pharmacists may be the ideal healthcare professional to evaluate this issue. With rising healthcare costs, an aging population, and an increasing number of patients with multiple comorbidities, the optimization of medications is essential to the health of our patients.
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Polypharmacy (PP) and potentially inappropriate medication (PIM) use have been described extensively in the literature, and a number of geriatric-specific medication screening tools are available to assist providers in quantifying PP and PIM use. A recent review compares and contrasts existing medication screening tools in the context of geriatric oncology. The Beers Criteria, Screening Tool to Alert doctors to Right Treatment (START)/ Screening Tool of Older Persons' Prescriptions (STOPP), Medication Appropriateness Index (MAI), and Healthcare Effectiveness Data and Information Set-Drugs to Avoid in the Elderly (HEDIS-DAE) have been applied to older adults with cancer [4, 5] .
Deprescribing is the systematic process of reducing or discontinuing medications aimed at minimizing PP and improving patient outcomes [5] . Deprescribing should take into account the patients' remaining life expectancy, goals of care, medication time-to-benefit, and the purpose of the medication (curative vs palliative for the intended indication) [6] . Guidelines for the management of chronic conditions lack specific recommendations for patients with life-limiting illnesses; continued therapy often provides minimal benefit and may result in significant adverse effects [7] . Recent studies have evaluated the risks and benefits of medication discontinuation for drugs such as statins, antihypertensives, bisphosphonates, and oral hypoglycemics in patients who have limited a life expectancy [8] . Cessation of these medications does not appear to worsen underlying conditions nor increase mortality, but more importantly, discontinuing chronic medications may increase patients' quality of life, improve symptoms, decrease pill burden, and decrease out-of-pocket costs [3, [9] [10] [11] [12] [13] . For example, a study evaluating discontinuation of statin medications in patients with a life expectancy of 1 month to 1 year found a statistically significant improvement in patient quality of life without an increased risk of mortality [9] . Despite these findings, there is a lack of high-quality evidence regarding deprescribing in older patients with cancer, which limits the ability to develop an evidence-based, standardized deprescribing process [3] . Currently, no prospective studies exist that evaluate the process of deprescribing in the geriatric oncology population.
The primary aim of this study was to compare the sequential application of three geriatric medication screening tools (Beers Criteria, STOPP, and MAI) to the Beers Criteria alone for PIM quantification (Fig. 1 ). This study also evaluated the feasibility of a pharmacist-led deprescribing intervention in a geriatric oncology clinic. Initial outcomes of the intervention, such as number of medications deprescribed, cost savings, and pharmacist intervention time, are reported.
Step 1
• Create a medication-condition matching chart, including a section on "potential problems" for each medication. Document patient symptoms and side effects that could be attributed to ADE's*.
Step 2
• Count the total number of medications. Include prescription, over-the-counter, and herbal products.
Step 3
• Assess medication allergies and drug interactions using two different drug interaction programs (i.e., Lexicomp, Micromedex). Interactions with anti-cancer therapies should be noted.
Step 4
• Evaluate underuse, determining medications patients should be prescribed based on their current medications or existing disease states (START Criteria)*.
Step 5
• Apply the medication assessment process. Use Beers Criteria first, followed by STOPP, and finally, the MAI*. Initiate deprescribing recommendations.
Step 6
• Document deprescribing recommendations in a concise note in the EHR (see Box 1). Share this note with the patient, primary oncologist, and primary care provider. [14] .
Polypharmacy assessment
The PP assessment was completed by a pharmacist and included a comprehensive review of all drug therapies (prescription, overthe-counter [OTC] , and complementary and alternative medicines [CAM]). A comprehensive medication list was generated through review of the electronic health record (EHR), calling outside pharmacies, patient report, and caregiver feedback. Drug-drug interactions (Table 2) , drug-nutrient interactions, interactions with cancer therapies, medication allergies, patientreported symptoms and side effects, medication underuse, and barriers to deprescribing were assessed. The pharmacist asked questions regarding the patients' medication-related goals of care to help direct deprescribing recommendations (i.e., minimize pill burden, optimize quality of life, chronic disease state management). Each aspect of the PP assessment was documented in a pharmacist note in the EHR (see Box 1 for an example of a pharmacist note). 
Box 1 Example of pharmacist deprescribing note
The choice of geriatric medication screening tools was based on existing literature and specific factors of each tool. The Beers Criteria and STOPP Criteria are both effective in capturing PIM data in patients with cancer [14] . The MAI is a well-validated implicit screening tool that has been the backbone of numerous models regarding PP and deprescribing [6] . The tools were applied sequentially: Beers Criteria first, then the STOPP Criteria, followed by the MAI. This order proved to be efficient because it 89 year old female who is being seen by pharmacy for assessment of polypharmacy and potentially inappropriate medications (PIMs). 1. Primary prevention/PVD -the use of aspirin for primary prevention of cardiac disease in patients >80 years old lacks significant evidence (Beers Criteria). There is an increased risk of bleeding, particularly gastrointestinal. Recommend to discontinue.
2. Hypertension -the patient's blood pressure is currently at goal (< 150/90 mmHg per JNC 8). Hydrochlorothiazide may be ineffective in elderly patients; there is a potential risk of dehydration and hypotension accompanied by the drug interaction with the patient's metformin. Recommend to discontinue hydrochlorothiazide and to continue to monitor blood pressures.
3. Hyperlipidemia -statin medications have little utility in elderly cancer patients for primary prevention due to lack of time-to-benefit and the risk of myalgias, myopathies, and fatigue. The patient is also reporting muscle aches that could be caused by this medication. Recommend to discontinue atorvastatin without tapering.
4. Potassium supplementation -recommend to discontinue potassium chloride tablets due to normal/slightly elevated potassium levels as well as pill burden.
ECOG -Eastern Cooperative Oncology Group; PO -orally; GI -gastrointestinal; HTN -hypertension; BP -blood pressure; DM -Diabetes Mellitus; HS -at bedtime; CNS -central nervous system; q -every; PRN -as needed; BIDtwice daily; OTC -over-the-counter; NKDA -no known drug allergies; Rx -prescription; STOPP; MAI; PVDperipheral vascular disease screened for broad information first (i.e., Beers Criteria), followed by a more specific systems-based review (i.e., STOPP), and ending with clinical assessment of the remaining medications (i.e., the MAI). Medications flagged as inappropriate by one tool were not reassessed using the other two tools (e.g., if the Beers Criteria flagged diphenhydramine as a PIM, neither STOPP nor the MAI was applied to that medication subsequently) (see Online Resource 1 for a detailed review of the three-tool assessment).
Deprescribing
Real-time deprescribing occurred after discussion among the geriatric oncologist, pharmacist, patient, and caregivers. The detailed medication assessment and deprescribing process is outlined in Fig. 1 . Each medication identified as being potentially inappropriate was considereds for deprescribing. Patient-reported symptoms and side effects, potential adverse effects, time-to-benefit of medications, and estimated patient life expectancy were considered in the deprescribing process. Evidence-based rationales were provided to the patient and patients' caregivers regarding deprescribing recommendations. Specific instructions on how to discontinue medications were provided to the patient. Medications requiring tapering were accompanied by a tapering schedule, a list of possible withdrawal side effects, and a detailed description of if and when to restart medications (Online Resource 2). Deprescribing recommendations and pharmacist notes were sent electronically to patients' other care providers (primary care providers and specialists). Patients were followed up with by phone or at subsequent visits regarding medication changes; any new information potentially correlated to recent deprescribing was documented as a patient-reported outcome. Any barriers to deprescribing were assessed during the direct patient encounter and documented in patient notes.
Endpoints
The primary outcome of the study was the incidence of PIMs identified by the Beers Criteria alone compared with the threetool assessment described in Fig. 1 . Secondary measures include mean number of medications, mean number of medications deprescribed, potential cost avoidance, pharmacist intervention time, and patient-reported barriers to deprescribing. Potential healthcare savings were assessed through application of University Health System Consortium (UHC) outcome cost data. Specifically, the authors assigned cost values to minor adverse event prevention ($220.00), major adverse event prevention ($2200), medication teaching ($208.00), and detailed medication history ($642.00). These values are based on estimated cost savings as a result of pharmacy clinical service interventions established by the UHC [16] .
Results
Data were collected for 26 patients who were referred to the Geriatric Oncology Clinic and underwent a CGA between August 1, 2015 and April 30, 2016. All patients were evaluated by the pharmacist. Patients' baseline characteristics are described in Table 1 . The most common reason for referral by the primary oncologist was to determine choice and appropriateness of systemic cancer therapy. Other reasons for CGA referral included pre-operative clearance, initial decision for surgery, goals of care assessment, and impaired cognition. The 26 patients in this study were taking a total of 312 medications, of which 197 were prescription and 113 were OTC or CAM therapies. The mean number of medications per patient was 12 (range, 5 to 22). Ninetyfour clinically relevant (category D or X) drug interactions were identified, with a mean of 4 interactions per patient (range, 0 to 11), including interactions with anti-cancer therapies. Ten out of 26 patients (38%) were undergoing active treatment during the CGA and, upon review, there were 9 relevant drug-drug interactions with anti-cancer therapies identified; categories C, D, and X interactions were reviewed for anti-cancer therapies ( Table 2 ). The Beers Criteria alone identified 38 PIMs as compared to 119 PIMs with the three-tool assessment; a mean of 5 PIMs were identified per patient (see Fig. 2 Table 3 ; potential adverse events prevented by stopping these medications are also included.
Eighteen patients (69%) in this study were available for follow-up either by phone or during subsequent clinic appointments, with a mean time to follow-up of 14 days. All patients had at least one medication deprescribed during their CGA, and 16 of these patients had previously reported symptoms or side effects likely attributable to PP and PIMs. After follow-up, all 16 patients reported a reduction in symptoms and side effects. For example, one patient reported severe lower extremity muscle aches, fatigue, dizziness, and low blood pressure during their initial CGA; orthostatic hypotension was confirmed. Using the three-tool assessment and deprescribing process, atorvastatin, metoprolol, and omeprazole were discontinued. At follow-up, the patient reported no muscle aches, a decrease in fatigue, and no occurrences of dizziness.
Out of the 87 medications discontinued initially, two medications (< 3%) were restarted. In one case, a 77-year-old male patient with cholangiocarcinoma developed a gastrointestinal (GI) bleed as a result of a large stomach ulcer. Esomeprazole was discontinued in this patient several weeks prior to this bleed during the initial geriatric oncology assessment. After cessation of this drug, the patient underwent GI surgery, putting him at risk of ulcer development. Esomeprazole was restarted at 40 mg twice daily. In another case, a 72-year-old male patient with kappa light chain multiple myeloma discontinued clorazepate due to recurrent falls after his visit with the geriatric oncology team. The patient had taken clorazepate for 15 years; therefore, a 6-week clorazepate tapering schedule was developed. Several weeks after his visit, he developed acute agitation and delirium during his admission for an autologous stem cell transplant. Due to concern for clorazepate withdrawal, this medication was restarted at his previous dose. During his admission, a plan was put into place to taper his clorazepate over 6 months.
Based on UHC outcome cost data, healthcare expenditures of $111,390.00, or $4282.27 per person, were potentially avoided as a result of PIM assessment and deprescribing. An average of 5 min (range 3 to 12 min) was spent pre-reviewing the patient's medication regimen and applying the three-tool assessment. An additional 15 min (range 10 to 45 min) was spent directly discussing deprescribing interventions with the patient, caregivers, and the geriatric oncologist. Entering pharmacist notes and patient follow-up encounters took an average of 10 min (range 5 to 20 min). Therefore, the total pharmacist intervention time was approximately 30 min for each patient; several patients took significantly longer depending on regimen complexity (range 18 to 77 min). Estimating a clinical pharmacist's average hourly rate of $50.00 per hour, the potential net cost prevention is $110,470.00 for 26 geriatric oncology patients.
Lastly, barriers to stopping medications were evaluated for each patient in this study. Fifty-two percent of patients reported no barriers related to stopping medications and felt comfortable with the process. Of the patient-reported barriers to deprescribing, the most common concern was fear of return of symptoms or worsening of underlying condition being treated (60%). Other barriers included the patient's need to check with their primary care provider before deprescribing, feeling of physical dependence, and patient and caregiver confusion about medications.
Discussion
This study demonstrates that the application of a three-tool assessment identified more PIMs than the Beers Criteria alone and resulted in deprescribing the majority of the medications identified as inappropriate. This is the first prospective study to demonstrate the process of identification of PIMs with subsequent real-time deprescribing in older cancer patients. Geriatric oncologists and pharmacists trained in geriatrics and oncology have a unique opportunity to collaborate in the clinic setting. The processes of PIM identification and deprescribing can be time-intensive for physicians. Pharmacists, if incorporated into the clinic setting, have the ability to play an important role and alleviate physician = 7) CNS depression, falls, delirium, somnolence Aspirin/NSAIDS (n = 6) Gastrointestinal bleeding, lack of benefit Proton pump inhibitors (n = 6) Hypocalcemia, hypomagnesemia, fractures, infections, chronic kidney disease, dementia
Omega-3 fatty acids (n = 5) Increase bleeding risk, pill burden Electrolyte supplements (n = 5)
Pill burden
Other (n = 21) Various adverse drug effects workload. Pharmacist-led deprescribing interventions are feasible and could potentially lead to improved patient outcomes as well as cost savings. Several studies have evaluated the incidence of PP and PIMs in older cancer patients. Definitions have varied, making it difficult to come to consensus about the best way to evaluate these parameters. A study by Turner et al. evaluating PP in older cancer patients found that taking 5.5 or 3.5 medications increased patient falls and exhaustion, respectively. They also found that taking greater than 6.5 medications correlated with reduced performance status and frailty. This study did not evaluate PIMs or specific medication classes [17] . Studies involving a clinical intervention for PP/PIMs are sparse. Riechelmann et al. looked at unnecessary or duplicative medications in terminally ill cancer patients. They found that after palliative care consultation and a thorough medication assessment, PIM use decreased by 2% [18] . This study only included terminally ill cancer patients and included patients of any age. No description of deprescribing methods was discussed but the authors noted that statins were the most commonly prescribed PIM.
Lindsay et al. developed a specialized palliative deprescribing guideline that is intended to be used as a tool to highlight potential targets for deprescribing. The guideline consists of six broad medication classes that are considered inappropriate for cancer patients with a prognosis of 6 months or less. Each medication class is accompanied by Bconsiderations for limited benefit^and an additional Bexplanation^section. Sixty-one patients had a median of ten medications per patient. There were 132 PIMs identified with 70% of patients having at least one PIM. The most common medication classes identified as suitable targets for deprescribing were antihypertensives, dyslipidemic agents, peptic ulcer prophylaxis, and CAM [19] . This study demonstrated a high rate of PIM use in palliative cancer patients and was effective in flagging medications that were appropriate for deprescribing. A study by Gil Deza et al. assessed medication use in adults with advanced solid tumors. Medications were classified as green (adequate [must be maintained]), yellow (questionable [could be maintained or removed]), or red (avoidable [must be removed]). Based on their PIM review, a total of 10% of medications were immediately suspended, and up to 30% of medications were candidates for deprescribing [20] . Nevertheless, there still remains limited data discussing interventions for PP/PIMs and the effects on patient outcomes, particularly for older patients with cancer with a life expectancy greater than 6 months.
The geriatric medication screening tools utilized in this study create an effective synergy when applied concomitantly, detecting many more PIMs than the Beers Criteria alone. The incidence of PIM use in the geriatric oncology population has been reported between 29 and 96% in previous studies compared to an incidence of 100% in this study. Of note, the American Geriatrics Society supports the use of the Beers Criteria, STOPP Criteria, and MAI, validating use of these specific tools [21] . These tools, along with the MAI, should be applied sequentially to be most effective. The MAI is more time-intensive, but takes into account medication indication, effectiveness of the medication, dosage, directions for use, drug-drug interactions, drug-disease interactions, medication duplication, duration of therapy, and medication expense. Specifically, this tool enables the provider to evaluate the overall value of each medication as it relates to patient and family goals, medication time-to-benefit, target of therapy, and patient life expectancy. Determining if the benefit of a medication outweighs the potential risk is the cornerstone of the deprescribing process [6] .
Older patients with cancer are often managed by a plethora of providers, many managing specific chronic diseases and resulting in fragmentation of care that may potentiate PP/PIMs. Decisions regarding deprescribing should be shared with all parties involved in the care of the patient. Importantly, patients should be given open access to provider notes regarding deprescribing and other medication changes (Box 1). If possible, evidence-based medicine should be cited and providers should be encouraged to frame deprescribing decisions based on supporting data. Deprescribing chronic medications can cause stress and anxiety for patients and their family members, especially when the physician discontinuing medications is not the original prescriber. It is important to disseminate deprescribing recommendations to patients' other providers and to consult on difficult matters related to medication discontinuation. In this study, one of the most common hesitations to deprescribing occurred during discussions on stopping cardiovascular medications. Barriers to deprescribing in the general geriatric population have been described, but data regarding deprescribing in older adults with cancer and other complex comorbidities are limited [22] .
Programs promoting deprescribing and minimizing healthcare overuse have proven effective. The Choosing Wisely Initiative (http://www.choosingwisely.org/) is an organization aimed at providing evidence-based recommendations, minimizing duplicative therapies, and maximizing the use of truly necessary tests, procedures, and medications. For example, a specific recommendation advises against prescribing lipid-lowering medications in patients with limited life expectancy. Other recommendations include adhering to evidence-based blood pressure goals in patients 60 years and older, avoiding nonsteroidal anti-inflammatory drugs (NSAIDs) in patients with hypertension, heart failure, or chronic kidney disease, and minimizing long-term patient exposure to acid suppressive therapies in the setting of gastroesophageal reflux disease [23] . More evidence is necessary to guide future Bchoosing wisely^initiatives that address the value versus burden of PP/PIMs for older patients with cancer.
The Canadian Deprescribing Network (http:// deprescribing.org/) has released deprescribing guidelines to help aid patients and providers in reducing PIMs. Currently, the site has published guidance documents on deprescribing proton pump inhibitors, benzodiazepines, antihyperglycemics, and antipsychotics. Each published document provides an evidence-based algorithm that is driven by indication, symptoms, and duration of therapy. Tapering instructions as well as pharmacological and nonpharmacologic alternatives are also discussed. Older patients with cancer may benefit from the use of resources related to medication overuse and deprescribing [24] [25] [26] [27] . Further research is warranted to determine applicability of these guidelines in the geriatric oncology population.
Use of this three-tool assessment in this population, with subsequent deprescribing, may be complemented by recommendations from organizations such as Choosing Wisely and the Canadian Deprescribing Network. The three-tool assessment described here has demonstrated an efficient way to identify the maximum number of PIMs but is still lacking specific recommendations for deprescribing individual medication classes. While this study demonstrates subjective reports of improved quality of life and a decrease in symptoms, future research should incorporate specific, quantifiable metrics. The majority of patients targeted for deprescribing in this study wished to minimize the number of medications they were taking, indicating that additional efforts are needed to empower patients to initiate conversations about deprescribing with their providers. In alignment with deprescribing based on patient goals and medication time-to-benefit, metrics linking the seriousness of chronic disease states and decisions about deprescribing need to be established.
One limitation of this study is the use of the 2012 Beers Criteria; the updated 2015 criteria incorporate additional information on PPI use, drug interactions, and renal dosing in the elderly. This pilot feasibility study had a small sample size, limiting conclusions that could be drawn. Patients referred to the geriatric oncology clinic for evaluation may have been sicker than other older cancer patients not referred, thus displaying a higher rate of PP and PIM use. Established patient-reported outcome metrics and screening tools were not utilized for patient follow-up in this study. Finally, the best method for determining in what order to deprescribe medications is not well defined (one-at-a-time approach versus all-at-once approach). There are advantages and disadvantages to each but the authors in this study chose the all-at-once approach to ensure optimal deprescribing. The one-at-a-time approach may be more effective in the primary care setting where follow-up is more consistent. The data from this pilot study is being used to develop larger, clusterrandomized trials of deprescribing interventions for older patients with cancer.
Conclusion
This study adds to the body of literature examining the assessment and management of PP, PIMs, and deprescribing in older cancer patients. Our medication assessment process uses the Beers Criteria, STOPP, and MAI in a sequential manner and identified three times more PIMs than the 2012 Beers Criteria alone. This three-tool assessment process should be incorporated into interdisciplinary assessments of older patients with cancer and validated in future studies. Projects such as the Choosing Wisely Initiative and the Canadian Deprescribing Network are important supplements to this process. Deprescribing should be seen as an individualized assessment of medications that is driven by patient and caregiver goals as well as evidence-based medicine.
